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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
uniformly etching a gate insulating film and a 
semiconductor substrate without damaging them 
and for forming a gate electrode, when regions 
different in etching rates are given in the same 
gate polysilicon film by means of introducing 
different concentration ions or different ion types. 

SOLUTION: When regions 6a and 6b, where the 
impurities of different concentration or the 
impurities of different types are partially 
implanted, exist in a polysilicon film 6 formed on a 
semiconductor substrate as shown in Fig. (b), the 
impurities of high etching rate are implanted (6c) 
in an etched region after a lithographic process for 
patterning a gate electrode, and the etching rate is 
made uniform. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 



cS With the process which pours the impurity with which concentration and/differ from 
owTgs into It least two or more fields of the polish recon film formed « ^"^^ 
substrate, subsequently With the 2nd process which forms the mask used for P^oH^ 
electrode on said polish recon film, subsequently The manufacture approach of a 
device including me 3rd process which pours the big mipunty of an 

which said mask is not formed, and the 4th process which etches the field in which said mask 
subsequently is not formed, and forms a polish recon gate electrode. _ characterized 

[Claim 2] The manufacture approach of the semiconductor device according to claim 1 characterized 
by the big impurity of an etching rate used at said 3rd process being Lynn. 
[Claim 3] The manufacture approach of a semiconductor device according to claim 2 tat 
concentration of Lynn used at said 3rd process when ft includes Lynn m he ^^-^^ 
process is characterized by being high concentration from the concentration of Lynn used at 

fST 4] The manufacture approach of the semiconductor device ^J^?** 
structure using the manufacture approach of a semiconductor device according to claim 1 to J. 
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DETAILED DESCRIPTION . 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention etches into coincidence in more detail the polish recon film 
with which etching rates differ about the formation approach of the gate electrode in a 
semiconductor device, and relates to the approach of forming a gate electrode. 
[0002] 

[Description of the Prior Art] In order to aim at increase of the saturation current of MOSFET, and 
improvement in a subthreshold level property, it is necessary to increase gate-dielectric-film capacity 
to gate length's contraction-izing and coincidence. For this reason, thin film-ization of gate oxide has 
been used as a means for high-performance-izing of MOSFET from the former. 
[0003] However, the phenomenon in which effectual thickness is observed more thickly than 
physical thickness by the effectiveness (gate electrode depletion-ized effectiveness) that a depletion 
layer is formed for gate oxidation thickness into a polish recon gate electrode in the field of the ultra- 
thin film actualizes, and the effectiveness by thin-film-izing becomes is hard to be acquired. 
Therefore, for the improvement in the engine performance of MOSFET, the preventive measures of 
the formation of gate electrode depletion must be performed to thin-film-izing and coincidence of 
gate oxide. 

[0004] High-concentration-izing of the high impurity concentration in a gate electrode is effective in 
prevention of the formation of gate electrode depletion. For that, impurity ion is poured in 
immediately after deposition of the polish recon film, and it becomes an effective means to raise the 
high impurity concentration in a giate electrode. 

[0005] On the other hand, when impurity ion is introduced into the polish recon film, it is known that 
the dirty rate in the case of dry etching will change according to an impregnation ion kind or an 
injection rate. For example, when a dirty rate increases when phosphorus ion is poured into contest 
non dope polysilicon, and boron ion is poured in, it is known that a dirty rate will decrease. When an 
ion implantation carries out only to some fields of the polish recon film on the assumption that 
adoption of PN gate structure, or when two or more ion kinds are introduced into the polish recon 
film, it becomes difficult to etch and remove polish recon to homogeneity. Therefore, when 
especially gate-dielectric-film thickness is thin, there is a danger that a semi-conductor substrate will 
be etched by over etching. 

[0006] Then, when impurity ion is beforehand introduced only into some fields in the polish recon 
film, or when the ion kind which changes with fields is introduced, the process for etching and 
removing these to homogeneity is needed. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the approach of etching 
into coincidence and forming a gate electrode, without giving a damage to gate dielectric film and a 
semi-conductor substrate, when it has the field where etching rates differ in the same polish recon 
film by being make in view of the above-mentioned technical problem, introducing the ion of 
different concentration or introducing a different ion kind. 
[0008] 

[Means for Solving the Problem] This invention with the process which pours the impurity with 
which concentration and/differ from sowings into at least two or more fields of the polish recon film 



formed on the semi-conductor substrate subsequently With the 2nd process which forms the mask 
used for patterning of a gate electrode on said polish recon film, subsequently It is related with the 
manufacture approach of a semiconductor device including the 3rd process which pours the big 
impurity of an etching rate into the field in which said mask is not formed, and the 4th process which 
etches the field in which said mask subsequently is not formed, and forms a polish recon gate 
electrode. 

[0009] As for the big impurity of an etching rate used at the 3rd process, it is desirable that it is 
Lynn. 

[0010] Moreover, when the impurity used at the 1st process includes Lynn, the etching rate ot the 
field in which the mask is not formed can be equalized by making further into high concentration 
impregnation concentration of Lynn used in the 3rd process. 

[001 1] Moreover, although the polish recon film can be used for the manufacture approach of the 
semiconductor device used as a gate electrode as an application of this invention, it is especially 
effective in the manufacture approach of the semiconductor device of CMOS structure. 
[0012] • 

[Embodiment of the Invention] This invention is explained referring to a drawing. Drawin g 5 etches 
into coincidence the polish recon film which has the field where etching rates differ as 1 operation 
gestalt of the manufacture approach of the semiconductor device of this invention, and shows the 
process sectional view in the case of forming a gate electrode. 

[0013] Drawing 3 (a) shows that the polish recon film 6 is formed on the gate dielectric film 5 
formed on the semi-conductor substrate. 

[0014] Drawing 3 (b) shows signs that the impurity of partially different concentration or a dilierent 
impurity of a class was poured into the polish recon film. 

[0015] For example, although the impurity poured in in Field A (6a) and Field B (6b) is the same 
kind (for example, Lynn or boron) as an example from which the concentration of the impurity 
poured in in Field A (6a) and Field B (6b) differs The case where the poured-in concentration differs, 
the case where an impurity is not poured into Field B (6b) at all in Field A (6a) by pouring in a kind 
of impurity (for example, Lynn or boron), etc. are mentioned. [0016] For example, it is with Field A 
(6a) and Field B (6b), and is the case where Lynn is poured into Field A (6a), and boron is poured 
into Field B (6b) as an example from which the class of impurity differs etc. 
[0017] Subsequently, as shown in drawing 3 (c), a resist pattern 7 is formed on the field where the 
conditions of the poured-in impurity differ. This resist pattern serves as a mask and a gate electrode 
is formed in a back process. Since etching rates differ in Field A and Field B when it etches m the 
state of drawing 3 (c), as explained previously, if etching conditions are doubled with one field, in 
the field of another side, the phenomenon in which the etching remainder will arise or even gate 
dielectric film will carry out over etching conversely will occur. 

[0018] In this invention, as shown in drawing 3 (d), impurity impregnation for equalizing an etching 
rate is performed. This impurity impregnation is performed by pouring in high Lynn of an etching 
rate. Instead of Lynn, it is also possible to pour in impurities, such as Si, As, and germanium. 
[0019] In this case, in the process shown in drawing 3 (b), when Lynn is already poured into some 
fields of the polish recon film, it is necessary to pour in high-concentration Lynn from the 
concentration of already poured-in Lynn. About concentration, although the effectiveness of . 
homogeneity etching of the one where concentration is higher is high, when concentration is raised, 
as for being spread in a gate electrode, it is also desirable for a certain reason that the electncal 
property of a gate electrode is the concentration which is extent which does not change a lot. 
[0020] As shown in drawing 3 (e), even gate dielectric film etches into homogeneity and gate 
electrode structure is formed. . 
[0021] The manufacture approach of this invention is the very effective manufacture approach m the 
semiconductor device which can use for the manufacture approach of a semiconductor device of 
using the polish recon film as a gate electrode, for example, has CMOS structure. 
[0022] While an operation gestalt is shown below, this invention is explained further in detail. 
[0023] (Operation gestalt 1) It explains with reference to the sectional view in each process which 
shows the 1st operation gestalt of this invention to drawing,! . First, as shown in drawing. 1 (a), on 
the semi-conductor substrate 1, the component isolation region 2 which consists of the silicon oxide 



film is formed, and P well field 3 and N well field 4 are succeedingly formed by lithography and the 
ion implantation. 

[0024] Then, as shown in drawin g 1 (b), 2.5nm gate oxide 5 is formed and the polycrystalline silicon 
film 6 of 200nm of thickness is formed. 

[0025] Then, as shown in drawing 1 (c), the 1st phosphorus ion is alternatively poured into the 
polycrystalline silicon film which exists on the field which forms NMOSFET by using a photoresist 
7 as a mask (for example, 20KeV(s) 3xl015-/cm3). The field 8 where Lynn was poured in into the 
polish recon film according to this process is formed. 

[0026] Then, as shown in drawing 1 (d), the photoresist 8 used for patterning of a gate electrode is 
formed on the polycrystalline silicon film 6. . 

[0027] then, it is shown in drawing 1 (e) -- as ~ the inside of the polish recon film - the 2nd 
phosphorus ion — pouring in . Since the 1st Lynn is poured in, it is necessary to pour high 
concentration into a field 8 from the 1st Lynn for example, and 5xl015-/cm3 is already poured into it 
by20KeV(s). 

[0028] Then, as shown in drawing 1 (f), a gate electrode is formed by etching the polycrystalline 
silicon film by using a resist pattern as a mask. 

[0029] By impregnation of the 2nd phosphorus ion, the dirty rate of the polish recon on N well and 
the polish recon on P well becomes equal. It becomes possible to etch into homogeneity, without 
giving a damage to gate dielectric film 5, N well under it, and P well. 

[0030] (Operation gestalt 2) It explains with reference to the sectional view in each process which 

shows the 2nd operation gestalt of this invention to drawing 2 . The 1st phosphorus ion is poured 

into the polish recon film which exists in the field which forms NMOSFET as shown in drawing 2 

(a) according to the 1st operation gestalt (for example, 20KeV(s) 3xl015-/cm3). 

{0031] Then, boron ion is poured into the polycrystalline silicon film which exists on the field which 

forms PMOSFET as shown in drawing 2 (b) (for example, 20KeV(s) 3xl015-/cm3). 

[0032] Then, the resist pattern used for patterning of a gate electrode as shown in drawing 2 (c) is 

formed. In order to equalize a dirty rate succeedingly, the ion implantation of the 2nd Lynn is 

performed (for example, 20KeV(s) Ixl016-/cm3). 

[0033] Then, the polycrystalline silicon film with which Lynn was introduced is etched, and a gate 
electrode is formed as shown in drawing 2 (d). 

[0034] Thus, also in case the polish recon film with which the impurity of a partially different class 
was poured in is etched and a gate electrode is formed, it can etch into homogeneity by pouring in 
the high impurity of an etching rate. 
[0035] 

[Effect of the Invention] The case where, as for this invention, impurity ion is beforehand introduced 
into the polish recon film of some fields before gate electrode formation as explained above, Or 
when a different ion kind is introduced into coincidence into the polish recon film It is characterized 
by pouring an impurity with a big dirty rate into the field to etch after the lithography process for 
carrying out patterning of the gate electrode. A gate electrode can be formed without becoming 
possible to equalize the etching rate of the field where the etching rate changed also as the basis with 
these, consequently giving a damage at a well to the lower layer gate dielectric film of the polish 
recon film, and a pan. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The process sectional view of the 1st operation gestalt of this invention is shown. 
[Drawing 2] The process sectional view of the 2nd operation gestalt of this invention is shown. 
[Drawing 3] The polish recon film which has the field where etching rates differ as 1 operation 
gestalt of the manufacture approach of the semiconductor device of this invention is etched into 
coincidence, and the process sectional view in the case of forming a gate electrode is shown. 
[Description of Notations] 

1 Silicon Substrate 

2 Isolation 

3 P Well 

4 N Well 

5 Gate Dielectric Film 

6 Polish Recon Film 

6a, 6b Polish recon film with which the impurity was poured in 

6c Polish recon film with which the big impurity of an etching rate was poured in 

7 Resist Pattern 

8 Decreased-Level-Phosphorus Dope Polysilicon Contest Film 

9 Resist Pattern 

1 0 High Concentration Phosphorus Dope Polysilicon Contest Film 

1 1 Boron Dope Polish Recon Film 

12 High Concentration Phosphorus Dope Polysilicon Contest Film 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 




(c) 
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